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(57) ABSTRACT 

An apparatus for obtaining information relating to a velocity 
at Which a pulse Wave propagates in a living subject, the 
apparatus including a ?rst in?atable cuff and a second 
in?atable cuff Which are adapted to be Worn on tWo different 
portions of the subject, respectively, at least one cuff-pulse 
Wave detecting device Which detects the pulse Wave occur 
ring to each of the ?rst and second cuffs Worn on the tWo 
different portions of the subject, and a velocity-relating 
information obtaining device Which obtains the information 
relating to the velocity, based on a time difference betWeen 
a ?rst time When the cuff-pulse-Wave detecting device 
detects the pulse Wave occurring to the ?rst cuff, and a 
second time When the cuff-pulse-Wave detecting device 
detects the pulse Wave occurring to the second cuff. 
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PULSE-WAVE-PROPAGATION-VELOCITY 
RELATING-INFORMATION OBTAINING 

APPARATUS AND BLOOD- PRESSURE-INDEX 
MEASURING APPARATUS 

[0001] This is a continuation-in-part application Which is 
derived from US. patent application Ser. No. 09/556,417. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an apparatus for 
obtaining information relating to a velocity at Which a pulse 
Wave propagates in a living subject, and an apparatus for 
measuring a blood-pressure indeX of a living subject. 

[0004] 2. Related Art Statement 

[0005] Arteriosclerotic cardiovascular disease is one of 
major death causes of aged Wornen, e.g., not younger than 
sixty ?ve years, but there is no general method of ?nding 
latent arteriosclerosis. HoWever, it is knoWn that since 
rneasuring superior-and-inferior-lirnb blood-pressure indeX 
can be used as a simple and repeatable method to ?nd 
inferior-lirnb arterial disease and can be used to check 
quickly and easily the condition of Whole cardiovascular 
system, the indeX is useful to identify individuals Who need 
special treatments to reduce its death rate or its incidence 
rate. 

[0006] Generally, the above superior-and-inferior-lirnb 
blood-pressure indeX (hereinafter, abbreviated to the “SIL 
BP index”) is obtained or calculated as the ratio of a systolic 
blood pressure (“BP”) of an ankle as the inferior-lirnb BP to 
a systolic blood pressure of an upper arm as the superior 
lirnb BP, that is, ankle/arm BP indeX (abbreviated to “AAI”, 
“API”, or “ABI”). If the measured ankle/arrn blood pressure 
indeX of a living person is smaller than a threshold, e.g., 
about 0.9, abnorrnality may be diagnosed on the person. 

[0007] As eXplained above, the SIL BP indeX, represented 
by the ankle/arrn BP indeX, is used to ?nd the inferior-lirnb 
arterial disease. HoWever, even if a living person suffers the 
disease, the SIL BP indeX measured from the person may 
indicate a normal value. For example, in the case Where a 
person has stenosis on a distal side of an abdominal artery 
but suffers arteriosclerosis in not only inferior lirnbs but also 
Whole body, the SIL BP indeX measured from the person Will 
indicate a normal value. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide a superior-and-inferior-lirnb blood-pressure (“SIL 
BP”) indeX rneasuring apparatus Which assures that, in the 
case Where the SIL BP indeX measured from a person 
indicates a normal value, a medical staff such as a doctor or 
a nurse can judge Whether the normal SIL BP indeX value 
has resulted from the arteriosclerosis of the Whole body of 
the person. 

[0009] The Inventor has made various studies and found 
that, in the case Where the SIL BP indeX is measured together 
With pulse-Wave-propagation-velocity relating information 
which is knoWn as an indeX Which can be used to evaluate 
the degree of arteriosclerosis of the Whole body of a person, 
a medical staff can judge Whether a normal SIL BP indeX 
value measured from the person has resulted from the 
arteriosclerosis of the Whole body of the person. The present 
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invention has been developed based on this ?nding. As far 
as the present invention is concerned, the term “pulse-Wave 
propagation-velocity-relating information” is de?ned as 
including pulse-Wave-propagation velocity information 
which is obtained as pulse-Wave propagation velocity itself 
or pulse-Wave propagation time, and corrected pulse-Wave 
propagation-velocity information which is obtained by cor 
recting the pulse-Wave-propagation-velocity information to 
correspond to a reference BP value. 

[0010] (1) According to a ?rst feature of the present 
invention, there is provided an apparatus for measuring a 
superior-and-inferior-lirnb blood-pressure indeX of a living 
subject, comprising a ?rst blood-pressure measuring device 
which measures a ?rst blood pressure of an inferior limb of 
the subject; a second blood-pressure measuring device 
which measures a second blood pressure of a superior limb 
of the subject; indeX determining means for determining the 
superior-and-inferior-lirnb blood-pressure indeX, based on 
the ?rst blood pressure measured by the ?rst blood-pressure 
measuring device and the second blood pressure measured 
by the second blood-pressure measuring device; an infor 
rnation obtaining device Which obtains propagation-veloc 
ity-relating information relating to a velocity of propagation 
of a pulse Wave Which propagates betWeen tWo different 
portions of the subject; and a display device Which simul 
taneously displays the superior-and-inferior-lirnb blood 
pressure indeX determined by the indeX determining means 
and the propagation-velocity-relating information obtained 
by the information obtaining device. The phrase “simulta 
neously displays the SIL BP indeX and the propagation 
velocity-relating (“PVR”) information means that a time 
duration of displaying of the SIL BP indeX at least partly 
overlaps a time duration of displaying of the PVR informa 
tion. 

[0011] According to this feature, the indeX determining 
means deterrnines an SIL BP indeX value based on the ?rst 
BP value measured by the ?rst BP measuring device and the 
second BP value measured by the second B P measuring 
device, and the information obtaining device obtains PVR 
information relating to the velocity of propagation of pulse 
Wave Which propagates betWeen tWo different portions of 
the subject. In addition, the display device sirnultaneously 
displays the SIL indeX value determined by the indeX 
determining means and the PVR information obtained by the 
information obtaining device. Therefore, even if the thus 
deterrnined SIL indeX value is normal, a medical staff can 
judge that the normal SIL indeX value has resulted from the 
arteriosclerosis of the Whole body of the person, if the 
obtained PVR information is abnormal. 

[0012] (2) According to a second feature of the present 
invention that includes the ?rst feature (1), the apparatus 
further comprises an identifying device Which identi?es 
each one of a plurality of living subjects from the other 
living subjects; and a storing device Which stores, for the 
each one living subject identi?ed by the identifying device, 
at least one ?rst superior-and-inferior-lirnb blood-pressure 
indeX value determined by the indeX determining means and 
at least one ?rst propagation-velocity-relating information 
obtained by the information obtaining device, and the dis 
play device displays, for the each one living subject, the ?rst 
superior-and-inferior-lirnb blood-pressure indeX value and 
the ?rst propagation-velocity-relating information which are 
stored in the storing device, and a second superior-and 
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inferior-limb blood-pressure index value currently deter 
mined by the index determining means and a second propa 
gation-velocity-relating information currently obtained by 
the information obtaining device, so that an observer can 
compare the ?rst and second superior-and-inferior-limb 
blood-pressure index values With each other and compare 
the ?rst and second propagation-velocity-relating informa 
tion With each other. According to this feature, the display 
device displays, for each one living subject, the ?rst SIL BP 
index value and PVR information stored in the storing 
device, and the second SIL BP index value currently deter 
mined by the index determining means and a second PVR 
information currently obtained by the information obtaining 
device, so that an observer can compare the ?rst and second 
SIL BP index values With each other and compare the ?rst 
and second PVR information With each other. Thus, the 
medical staff can easily recogniZe the respective degrees of 
advancement of the inferior-limb arteriostenosis and the 
general arteriosclerosis. 

[0013] (3) According to a third feature of the present 
invention that includes the ?rst or second feature (1) or (2), 
the display device comprises simultaneously displaying 
means for displaying, in a tWo-dimensional plane Which is 
de?ned by a ?rst axis representing superior-and-inferior 
limb blood-pressure index and a second axis representing 
propagation-velocity relating information, a symbol at a 
position corresponding to the superior-and-inferior-limb 
blood-pressure index determined by the index determining 
means and the propagation-velocity relating information 
obtained by the information obtaining device. According to 
this feature, the medical staff can evaluate, in one glance, the 
determined SIL BP index value and the obtained PVR 
information. 

[0014] (4) According to a fourth feature of the present 
invention that includes the second or third feature (2) or (3), 
the display device comprises timeWise-change displaying 
means for displaying, in a tWo-dimensional plane Which is 
de?ned by a ?rst axis representing superior-and-inferior 
limb blood-pressure index and a second axis representing 
propagation-velocity relating information, at least one ?rst 
symbol at at least one position corresponding to the at least 
one ?rst superior-and inferior-limb blood-pressure index 
value and the at least one ?rst propagation-velocity-relating 
information Which are stored in the storing device, and a 
second symbol at a position corresponding to the second 
superior-and-inferior-limb blood-pressure index value cur 
rently determined by the index determining means and the 
second propagation-velocity-relating information currently 
obtained by the information obtaining device. According to 
this feature, the medical staff can easily recogniZe, in one 
glance, the respective degrees of advancement of the infe 
rior-limb arteriostenosis and the general arteriosclerosis. 

[0015] (5) According to a ?fth feature of the present 
invention that includes any one of the ?rst to fourth features 
(1) to (4), the index determining means comprises means for 
determining, as the superior-and-inferior-limb blood-pres 
sure index, a ratio of the ?rst blood pressure to the second 
blood pressure, or a ratio of the second blood pressure to the 
?rst blood pressure. 

[0016] (6) According to a sixth feature of the present 
invention that includes any one of the ?rst to ?fth features 
(1) to (5), the information obtaining device comprises tWo 
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pulse-Wave sensors Which are Worn on the tWo different 
portions of the living subject, respectively, and each of 
Which detects the pulse Wave at a corresponding one of the 
tWo portions. 

[0017] (7) According to a seventh feature of the present 
invention that includes any one of the second to sixth 
features (2) to (6), the identifying device comprises an input 
device Which is operable by an operator for inputting a batch 
of identi?cation information identifying the each one living 
subject from the other living subjects; a memory device 
Which stores a plurality of batches of identi?cation infor 
mation identifying the plurality of living subjects, respec 
tively; and judging means for judging the batch of identi? 
cation information input through the input device is identical 
With each of batches of identi?cation information stored in 
the memory device, and thereby identifying the each one 
living subject from the other living subjects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and optional objects, features, and 
advantages of the present invention Will be better understood 
by reading the folloWing detailed description of the pre 
ferred embodiments of the invention When considered in 
conjunction With the accompanying draWings, in Which: 

[0019] FIG. 1 is a diagrammatic vieW of the construction 
of an ankle/arm blood-pressure (“BP”) index measuring 
apparatus to Which the present invention is applied; 

[0020] FIG. 2 is a vieW for explaining respective 
examples of a phonocardiogram detected by a microphone 
of the measuring apparatus of FIG. 1 and a carotid-artery 
pulse Wave detected by a carotid-artery pulse-Wave sensor of 
the same apparatus; 

[0021] FIG. 3 is a diagrammatic vieW of important func 
tions of the measuring apparatus of FIG. 1; 

[0022] FIG. 4 is a vieW of a map representing a relation 
ship betWeen diastolic BP values and pulse-Wave propaga 
tion velocity values, the map being used by the measuring 
apparatus of FIG. 1; 

[0023] FIG. 5 is a How chart representing a control 
program according to Which an electronic control device of 
the measuring apparatus of FIG. 1 is operated; 

[0024] FIG. 6 is a tWo-dimensional graph Which is dis 
played by a display device of the measuring apparatus of 
FIG. 1 and Which shoWs the ankle/arm BP index values and 
the corrected pulse-Wave propagation velocity values Which 
are determined by the measuring apparatus of FIG. 1; and 

[0025] FIG. 7 is a diagrammatic vieW of important func 
tions of another ankle/arm BP index measuring apparatus as 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] Hereinafter, there Will be described an ankle/arm 
blood-pressure (“BP”) index measuring apparatus 10 to 
Which the present invention is applied, by reference to the 
draWings. FIG. 1 is a block diagram shoWing the construc 
tion of the measuring apparatus 10. The ankle/arm BP index 
measuring apparatus 10 is a sort of superior-and-inferior 
limb BP index measuring apparatus, since the measuring 
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apparatus 10 measures, as an inferior-limb BP value, a BP 
value from an ankle of a patient as a living person and 
measures, as a superior-limb BP value, a BP value from an 
upper arm of the patient. The present apparatus 10 carries 
out the BP measurements on the patient Who takes the 
face-doWn, lateral, or face-up position so that the upper arm 
and the ankle are substantially level With each other. 

[0027] In FIG. 1, the ankle/arm BP index measuring 
apparatus 10 includes a right-leg ?rst BP measuring device 
14 Which measures a BP value from a right ankle 12 of the 
patient, a left-leg ?rst BP measuring device 18 Which 
measures a BP value from a left ankle 16 of the patient, and 
a second BP measuring device 22 Which measures a BP 
value from an upper arm 20 of the patient. 

[0028] The right-leg ?rst BP measuring device 14 includes 
an in?atable cuff 24 Which includes a belt-like cloth bag and 
a rubber bag accommodated in the cloth bag and Which is 
Wound around the right ankle 12 of the patient; a piping 26; 
and a pressure sensor 28, a sWitch valve 30, and an air pump 
32 Which are connected to the cuff 24 via the piping 26. The 
sWitch valve 30 is selectively placed in one of three opera 
tion states, that is, (a) a pressuriZed-air-supply state in Which 
the sWitch valve 30 alloWs pressuriZed air to be supplied 
from the air pump 32 to the cuff 24, (b) a sloW-de?ation state 
in Which the valve 30 alloWs the pressuriZed air to be 
de?ated sloWly at an arbitrary rate from the cuff 24, and (c) 
a quick-de?ation state in Which the valve 30 alloWs the 
pressuriZed air to be de?ated quickly from the cuff 24. 

[0029] The pressure sensor 28 detects an air pressure in 
the cuff 24, and supplies a pressure signal, SP1, representing 
the detected air pressure, to a static-pressure ?lter circuit 34 
and a pulse-Wave ?lter circuit 36. The static-pressure ?lter 
circuit 34 includes a loW-pass ?lter Which alloWs only loW 
frequencies to pass therethrough and thereby selects, from 
the pressure signal SP1, a cuff-pressure signal, SK1, repre 
senting a cuff pressure, PC1, as the constant component of 
the detected air pressure. The ?lter circuit 34 supplies the 
cuff-pressure signal SK1 to an electronic control device 38 
via an analog-to-digital (“A/D”) converter (not shoWn). 

[0030] The pulse-Wave ?lter circuit 36 includes a band 
pass ?lter Which alloWs only speci?c frequencies to pass 
therethrough and thereby selects, from the pressure signal 
SP1, a pulse-Wave signal, SM1, representing a pulse Wave as 
the oscillatory component of the detected air pressure. The 
?lter circuit 36 supplies the pulse-Wave signal SMI to the 
electronic control device 38 via an A/D converter (not 

shoWn). 
[0031] The left-leg ?rst BP measuring device 18 includes 
an in?atable cuff 40, a piping 42, a pressure sensor 44, and 
a sWitch valve 46 Which have respective constructions 
identical With those of the counterparts 24, 26, 28, 30 of the 
right-leg ?rst BP measuring device 14. The sWitch valve 46 
is connected to the air pump 32. The pressure sensor 44 
detects an air pressure in the cuff 40, and supplies a pressure 
signal, SP2, representing the detected air pressure, to a 
static-pressure ?lter circuit 48 and a pulse-Wave ?lter circuit 
50 Which have respective constructions identical With those 
of the counterparts 34, 36 of the right-leg ?rst BP measuring 
device 14. The static-pressure ?lter circuit 48 selects, from 
the pressure signal SP2, a cuff-pressure signal, SK2, repre 
senting a cuff pressure, PC2, as the constant component of 
the detected air pressure, and supplies the cuff-pressure 
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signal SK2 to the control device 38 via an A/D converter 
(not shoWn). The pulse-Wave ?lter circuit 50 selects, from 
the pressure signal SP2, a pulse-Wave signal, SM2, repre 
senting a pulse Wave as the oscillatory component of the 
detected air pressure, and supplies the pulse-Wave signal 
SM2 to the control device 38 via an A/D converter (not 

shoWn). 
[0032] The second BP measuring device 22 includes an 
in?atable cuff 52 Which has a construction identical With the 
cuff 24 or 40 and Which is Wound around an upper arm 20 
(e.g., a right upper arm) of the patient; and a piping 54, a 
pressure sensor 56, and a sWitch valve 58 Which have 
respective constructions identical With those of the counter 
parts 24, 26, 28, 30 of the right-leg ?rst BP measuring device 
14. The sWitch valve 58 is connected to the air pump 32. The 
pressure sensor 56 detects an air pressure in the cuff 52, and 
supplies a pressure signal, SP3, representing the detected air 
pressure, to a static-pressure ?lter circuit 60 and a pulse 
Wave ?lter circuit 62 Which have respective constructions 
identical With those of the counterparts 34, 36 of the 
right-leg ?rst BP measuring device 14. The static-pressure 
?lter circuit 60 selects, from the pressure signal SP3, a 
cuff-pressure signal, 5K3, representing a cuff pressure, PC3, 
as the constant component of the detected air pressure, and 
supplies the cuff-pressure signal SK3 to the control device 
38 via an AID converter (not shoWn). The pulse-Wave ?lter 
circuit 62 selects, from the pressure signal SP3, a pulse 
Wave signal, SM3, representing a pulse Wave as the oscil 
latory component of the detected air pressure, and supplies 
the pulse- Wave signal SM3 to the control device 38 via an 
A/D converter (not shoWn). 

[0033] The electronic control device 38 is essentially 
provided by a microcomputer including a central processing 
unit (“CPU”) 64, a read only memory (“ROM”) 66, a 
random access memory (“RAM”) 68, and an input-and 
output (“I/O”) port (not shoWn), and processes input signals 
according to control programs pre-stored in the ROM 66, 
While utiliZing the temporary-storage function of the RAM 
68. The control device 38 outputs, from the I/O port, drive 
signals to the air pump 32 and the three sWitch valves 30, 46, 
58 to control the respective operations thereof, and display 
signals to a display device 70 to control the contents 
displayed thereby. 

[0034] Amicrophone 72 is attached, With an adhesive tape 
(not shoWn), to the skin of central portion of the chest of the 
patient, more speci?cally described, a prescribed heart 
sound-detect position right above the apeX cordis, the left 
end of the fourth intercostal sternum, the left end of the 
second intercostal sternum, the right end of the second 
intercostal sternum, or the right end of the fourth intercostal 
sternum. The microphone 72 detects heart sounds Which are 
transmitted from the heart to the skin of the prescribed 
heart-sound-detect position. The heart sounds includes a ?rst 
or I sound Which is produced When the heart starts outputting 
blood to the aorta, and a second or II sound Which is 
produced When the heart ends outputting blood to the aorta. 
Thus, the heart sounds provide a pulse Wave Which is 
produced from the most upstream portion of the aorta. 
Therefore, the microphone 72 functions as a ?rst pulse-Wave 
detecting device. 

[0035] The microphone 72 includes a pieZoelectric ele 
ment (not shoWn) Which converts the sounds detected 
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thereby into an electric signal, i.e., a heart-sound signal, SH, 
and outputs the heart-sound signal SH, Which subsequently 
is ampli?ed by a preampli?er (not shown) and is supplied to 
a ?lter device 74. Then, the signal SH is supplied to the 
control device 38 via a main ampli?er and an AID converter 
(both not shoWn). The ?lter device 74 includes four sorts of 
?lters (not shoWn) Which can be so selected and used that the 
loW-pitched-sound components of the heart-sound signal SH 
are attenuated and the high-pitched sound components 
thereof are exaggerated and accordingly the heart sounds 
can be heard by the auditory sense of a human being. An 
upper half portion of FIG. 2 shoWs an example of a 
cardiophonogram detected by the microphone 72. The car 
diophonogram includes a ?rst or I sound corresponding to 
the closing of the mitral valve and the opening of the aortic 
valve and a second or II sound corresponding to the closing 
of the aortic valve. 

[0036] The carotid-artery pulse-Wave sensor 76 functions 
as a second pulse-Wave detecting device Which is Worn on 
a portion of the patient that is located on a doWnstream side 
of the microphone 72 as the ?rst pulse-Wave detecting 
device, as seen in the direction of ?oWing of blood in the 
body of the patient, and Which detects a pulse Wave propa 
gating through an artery running in that portion of the 
patient. The pulse-Wave sensor 76 includes a contact mem 
ber, and a vibration sensor (not shoWn) Which detects 
vibration of the contact member. The pulse-Wave sensor 76 
is attached to the neck of the patient such that the contact 
member is held in pressed contact With the skin right above 
a carotid artery 78 and detects a carotid-artery pulse Wave 
produced from the carotid artery 78. The pulse-Wave sensor 
76 supplies a signal, SM4, representing the detected carotid 
artery pulse Wave, to the control device 38 via an A/D 
converter (not shoWn). AloWer half portion of FIG. 2 shoWs 
an example of the carotid-artery pulse Wave detected by the 
sensor 76. Since the carotid artery 78 has a considerably 
great diameter and is directly connected to the aorta, the 
Waveform of the carotid-artery pulse Wave is substantially 
identical With that of aortic pulse Wave. 

[0037] An input device 80 includes a keyboard (not 
shoWn) through Which an identi?cation (“ID”) number iden 
ti?ng each patient is input, and Which outputs a signal 
representing the input ID number, to the control device 38. 
A memory device 82 is provided by a Well-knoWn memory 
such as a magnetic disk, a magnetic tape, a volatile semi 
conductor memory, or a non-volatile semiconductor 

memory, and stores, in predetermined memory areas thereof, 
an ankle/arm BP index (hereinafter, referred to as the 
“AAI”) and pulse-Wave-propagation-velocity (“PWV”) 
relating information Which are determined and obtained by 
the control device 38. 

[0038] FIG. 3 is a diagrammatic vieW for explaining the 
important control functions of the control device 38. A 
cuff-pressure regulating means 84 controls the air pump 32 
and the three sWitch valves 30, 46, 58, such that the 
respective pressing pressures of the three cuffs 24, 40, 52 are 
quickly increased up to a predetermined target pressure 
value, PCM, (e.g., about 180 mmHg) and then are sloWly 
decreased at a rate of about 3 mmHg/sec. 

[0039] A ?rst BP determining means 86 determines right 
leg ?rst BP values, BP1R, that is, BP values of the right 
ankle 12, according to Well-knoWn oscillometric method, 
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based on the change of respective amplitudes of the heart 
beat-synchronous pulses of the pulse-Wave signal SM1 
detected one by one during the sloW de?ation of the cuff 24 
Wound around the right ankle 12 under the control of the 
cuff-pressure regulating means 84. In addition, the ?rst BP 
determining means 86 determines left-leg ?rst BP values, 
BP1L, that is, BP values of the left ankle 16, according to the 
oscillometric method, based on the change of respective 
amplitudes of the heartbeat-synchronous pulses of the pulse 
Wave signal SM2 detected one by one during the sloW 
de?ation of the cuff 40 Wound around the left ankle 16 under 
the control of the cuff-pressure regulating means 84. The 
right-leg ?rst BP values BP1R include a systolic BP value 
BP1RSYS and a diastolic BP value BP1RDIA, and the 
left-leg ?rst BP values BP1L include a systolic BP value 
BP1LSYS and a diastolic BP value BP1LDIA. Hereinafter, 
When it is not needed to distinguish the right-leg ?rst BP 
values BP1R and the left-leg ?rst BP values BP1L from each 
other, those BP values Will be Wholly referred to as the ?rst 
BP values BP1. 

[0040] A second BP determining means 88 determines 
second BP values, BP2, (systolic BP value BP2SYS and 
diastolic BP value BP2DIA), that is, BP values of the upper 
arm 20, according to the Well-knoWn oscillometric method, 
based on the change of respective amplitudes of the heart 
beat-synchronous pulses of the pulse-Wave signal SM3 
detected one by one during the sloW de?ation of the cuff 52 
Wound around the upper arm 20 under the control of the 
cuff-pressure regulating means 84. 

[0041] A PWV-information obtaining means 90 as part of 
a PWV-relating-information obtaining means 89 iteratively 
obtains PVV information based on a time difference 
betWeen a periodic point on each of the heartbeat-synchro 
nous pulses of the ?rst pulse Wave detected by the micro 
phone 72 as the ?rst pulse-Wave detecting device, and a 
periodic point on a corresponding one of the heartbeat 
synchronous pulses of the second pulse Wave detected by the 
sensor 76 as the second pulse-Wave detecting device. For 
example, the PWV-information obtaining means 90 includes 
a time-difference calculating means Which calculates a time 
difference (i.e., pulse-Wave propagation time), DT, shoWn in 
FIG. 2, that is, a time difference betWeen a time point at 
Which the microphone 72 detects the commencement of 
second or II heart sound (this point corresponds to a notch 
of the aortic pulse Wave Where the amplitude quickly 
decreases and then starts increasing), and a time point at 
Which the sensor 76 detects the notch of the carotid-artery 
pulse Wave. The PWV-information obtaining means 90 
iteratively calculates, based on the time difference DT 
calculated by the time-difference calculating means for each 
of the heartbeat-synchronous pulses, a velocity PWV 
(m/sec) at Which the pulse Wave propagates through the 
artery of the patient, according to the folloWing expression 
pre-stored in the ROM 66: 

[0043] Where L is the distance from the left 
ventricle of the heart, via the aorta, to the position 
Where the sensor 76 is Worn, and is replaced With a 
constant value Which is experimentally obtained in 
advance. 

[0044] A PWV-information correcting means 92 as 
another part of the PWV-relating-information obtaining 



US 2002/0091328 A1 

means 89 corrects the PWVV information calculated by the 
PWV-information obtaining means 90, so that the corrected 
PWV information corresponds to a reference BP value, e.g., 
80 mmHg. This corrected PWV information is knoWn as an 
indeX Which can be used to evaluate the degree of general or 
systemic arteriosclerosis of a living person, and can be 
obtained in various methods including the folloWing tWo 
methods. The ?rst method is to obtain corrected PWV 
information based on a BP value BP Which is determined by 
a BP determining means, such as the ?rst or second BP 
determining means 86, 88, With respect to a prescribed 
portion of a living person; and the second method is to 
obtain corrected PWV information based on a PWV infor 
mation and a BP relating information Which are actually 
obtained from a living person, according to a predetermined 
relationship betWeen (A) (a1) PWV information and (a2) BP 
relating information and (B) corrected PWV information. 
Here, the BP relating information is de?ned as information 
Which changes as the BP of the person changes, and may be 
an ejection time, ET, during Which blood is output from the 
left ventricle of the heart; a pre-ejection period, PEP, from 
the commencement of systole of muscle of the left ventricle 
to the commencement of outputting of blood from the left 
ventricle; or a heart rate, HR. 

[0045] In the case Where the above-indicated ?rst method 
is employed, the ROM 66 stores a map, shoWn in FIG. 4, 
Which models or represents a relationship betWeen PWV 
values and diastolic BP values. The map include a plurality 
of curves Which correspond a plurality of diastolic BP 
values, respectively. Based on the diastolic BP value and the 
PWV value Which are actually calculated by the ?rst or 
second BP determining means 86, 88 and the PWV-infor 
mation obtaining means 90, the control device 38 selects one 
of the curves that is the most approximate to both the 
calculated diastolic BP value and PWV value, and deter 
mines, as the corrected value, PWVC, a value on the 
selected curve that corresponds to the reference BP value, 
i.e., 80 mmHg. 

[0046] An identifying means 94 identi?es the ID number 
of each patient that is input from the input device 80, and 
stores, in association With the ID number of each patient, the 
corrected PWV value PWVC of each patient, in the memory 
device 82. 

[0047] An ankle/arm BP indeX determining means 96 as 
the SIL BP indeX determining means determines or calcu 
lates an ankle/arm BP indeX value (“AAI”) based on a ?rst 
BP value BPl determined by the ?rst BP determining means 
86 and a corresponding second BP value BP2 determined by 
the second BP determining means 88 (e.g., the systolic ?rst 
BP value BPLSYS corresponds to the systolic second BP 
value BP2SYS, and the diastolic ?rst BP value BPlDIA 
corresponds to the diastolic second BP value BP2DIA). For 
eXample, the AAI may be obtained by dividing the ?rst BP 
value BPl by the corresponding second BP value BP2, or 
dividing the second BP value BP2 by the corresponding 
second BP value BPl. The thus determined AAI value is 
stored in association With the ID number in the memory 
device 82. 

[0048] Asimultaneously displaying means 98 controls the 
display device 70 to display simultaneously the PWV infor 
mation obtained by the PWV-relating-information obtaining 
means 89, and the AAI value calculated by the ankle/ arm BP 
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indeX determining means 96. For eXample, the displaying 
means 98 controls the display device 70 to display simul 
taneously a value representing the PWV information and the 
AAI value, side by side, on a screen thereof. More speci? 
cally described, the displaying means 98 controls the display 
device 70 to display, in a tWo-dimensional plane de?ned by 
a ?rst aXis representing AAI values and a second aXis 
representing PWV values, a symbol or an indicia at a 
position corresponding to the AAI value actually determined 
by the determining means 96 and the corrected PWV value 
PWVC determined by the PWV-relating-information 
obtaining means 89. 

[0049] A time-Wise-change displaying means 100 dis 
plays, in the above-indicated tWo-dimensional plane, at least 
one ?rst symbol at at least one position corresponding to at 
least one AAI value and at least one corresponding PWV 
relating information Which have been stored, for each 
patient, in the respective memory areas of the memory 
device 82 in at least one past or prior measurement opera 
tion, and a second symbol at a position corresponding to an 
AAI value Which is currently determined, for the each 
patient, by the ankle/arm BP indeX determining means 96 in 
the current measurement operation and a PWV-relating 
information Which is currently obtained for the each patient 
by the PWV-relating-information obtaining means 89 in the 
current measurement operation. The ?rst and second sym 
bols or indicias may be identical With each other. HoWever, 
it is preferred that the ?rst and second symbols be different 
from each other so that an observer can easily distinguish the 
tWo symbols from each other. 

[0050] FIG. 5 is a How chart representing a control 
program according to Which the control device 38 is oper 
ated. First, at Step S1 corresponding to the identifying 
means 94, the control device 38 judges Whether an ID 
number has been input through the input device 80. This step 
is repeated until a positive judgment is made at Step S1. 

[0051] MeanWhile, When an ID number is input and a 
positive judgment is made, the control of the control device 
38 goes to Steps S2, S3, and S4 corresponding to the 
cuff-pressure regulating means 84. At Step S2, the three 
sWitch valves 30, 46, 58 are sWitched to their pressure 
supply positions and the air pump 32 is operated, so that the 
respective air pressures of the three cuffs 24, 40, 52 are 
quickly increased. At Step S3, it is judged Whether all the air 
pressures PC of the three cuffs 24, 40, 52 have reached the 
predetermined target pressure value PCM (about 180 
mmHg). If a negative judgment is made at Step S3, Steps S2 
and S3 are repeated to continue increasing the air pressures 
PC of the cuffs 24, 40, 52. 

[0052] If a positive judgment is made at Step S3, the 
control goes to Step S4 to stop the operation of the air pump 
32 and sWitch the three sWitch valves 30, 46, 58 to their 
sloW-de?ation positions, so that the respective air pressures 
PC of the three cuffs 24, 40, 52 are decreased sloWly at a 
predetermined loW rate of about 3 mmHg/sec. 

[0053] Step S4 is folloWed by Step S5 corresponding to 
the PWV-relating-information obtaining means 90. At Step 
S5, the control device 38 calculates, as shoWn in FIG. 2, a 
time difference betWeen a time When the microphone 72 
detects the second or II heart sound and a time When the 
carotid-artery pulse-Wave sensor 76 detects the notch of 
carotid-artery pulse Wave, i.e., a pulse-Wave propagation 
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time DT that is a time needed for a pulse Wave to propagate 
from the heart to the position Where the sensor 76 is Worn. 
The control device 38 calculates a pulse-Wave propagation 
velocity PIW based on the thus calculated pulse-Wave 
propagation time DT according to the above-indicated 
expression: PWV=L/DT. 
[0054] Step S5 is folloWed by the BP-determine routine of 
Step S6, corresponding to the ?rst BP determining means 86 
and the second BP determining means 88. More speci?cally 
described, the control device 38 determines an amplitude of 
each of successive heartbeat-synchronous pulses of the cuff 
pulse Wave represented by the pulse-Wave signal SM1 
supplied from the pulse-Wave ?lter circuit 36, and deter 
mines a right-leg ?rst systolic BP value BP1RSYS based on 
the time-Wise change of the thus determined amplitudes 
according to a Well-knoWn oscillometric BP-determine algo 
rithm. Similarly, the control device 38 determines an ampli 
tude of each of successive heartbeat-synchronous pulses of 
the cuff pulse Wave represented by the pulse-Wave signal 
SM2 supplied from the pulse-Wave ?lter circuit 50, and 
determines a left-leg ?rst systolic BP value BPLLSYS based 
on the time-Wise change of the thus determined amplitudes 
according to the oscillometric BP-determine algorithm. In 
addition, the control device 38 determines an amplitude of 
each of successive heartbeat-synchronous pulses of the cuff 
pulse Wave represented by the pulse-Wave signal SM3 
supplied from the pulse-Wave ?lter circuit 62, and deter 
mines second systolic and diastolic BP values BP2SYS, 
BP2DIA, based on the time-Wise change of the thus deter 
mined amplitudes according to the oscillometric BP-deter 
mine algorithm. 
[0055] Step S6 is folloWed by Step S7 corresponding to 
the cuff-pressure regulating means 84. At Step S7, the three 
sWitch valves 30, 46, 58 are sWitched to their quick-de?ation 
positions, so that the respective air pressures of the three 
cuffs 24, 40, 52 are quickly decreased. 

[0056] Step S7 is folloWed by Step S8 corresponding to 
the PWV-information correcting means 92. At Step S8, the 
control device 38 selects one of the plurality of curves, 
stored in the ROM 66 and shoWn in FIG. 4, that is the 
nearest to the point de?ned by the pulse-Wave propagation 
velocity PWV determined at Step S5 and the second dias 
tolic BP value BP2DIA determined at Step S6. The control 
device 38 determines, as the corrected pulse-Wave propaga 
tion velocity PWVC, a value Which is indicated by the thus 
selected curve at 80 mmHg. 

[0057] Step S8 is folloWed by Step S9 corresponding to 
the ankle/arm BP indeX determining means 96. At Step S9, 
the control device 38 calculates a right ankle/arm BP indeX 
AAIR by dividing the right-leg ?rst systolic BP value 
BPIRSYS determined at Step S6 by the second systolic BP 
value BP2SYS determined at Step S6, and calculates a left 
ankle/arm BP indeX AAIL by dividing the left-leg ?rst 
systolic BP value BP1LSYS determined at Step S6 by the 
second systolic BP value BP2SYS. 

[0058] Step S9 is folloWed by Step S10 to store, in 
association With the ID number input at Step S1, the right 
and left ankle/ arm BP indeX values AAIR, AAIL determined 
at Step S9, together With the corrected pulse-Wave propa 
gation velocity PWVC determined at Step S8, in an appro 
priate memory area of the memory device 82. 

[0059] Step S10 is folloWed by Step S11 corresponding to 
the simultaneously displaying means 98. At Step S11, the 
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control device 38 controls the display device 70 to display, 
in a tWo-dimensional graph 106 de?ned by a ?rst aXis 102 
representing ankle/arm BP indeX AAI and a second aXis 104 
representing corrected pulse-Wave propagation velocity 
PWVC, a symbol (“black circle”) at a position de?ned by 
the smaller one of the right and left ankle/arm BP indeX 
values AAIR,AAIL determined at Step S9, and the corrected 
pulse-Wave propagation velocity PWVC determined at Step 
S8. The display device 70 displays, in its screen image, the 
tWo-dimensional graph 106, for easier diagnosis purposes, in 
such a manner that a background color of an abnormal area 
corresponding to one or both of an abnormal range (not 
greater than 0.9) of the ankle/arm BP indeX values AAI and 
an abnormal range (not smaller than 1,000 cm/sec) of the 
corrected pulse-Wave propagation velocity PWVC differs 
from that of a normal area corresponding to both of a normal 
range (greater than 0.9) of the ankle/arm BP indeX values 
AAI and a normal range (smaller than 1,000 cm/sec of the 
corrected pulse-Wave propagation velocity PWVC. 

[0060] Step S11 is folloWed by Step S12 corresponding to 
the timeWise-change displaying means 100. At Step S12, the 
control device 38 displays, in the tWo-dimensional graph 
106, at least one symbol at at least one position de?ned by 
the smaller one of the right and left ankle/arm BP indeX 
values AAIR, AAIL that had determined in at least one past 
measuring operation and have been stored, in association 
With the ID number input at Step S1, in the memory device 
82, and the corrected pulse-Wave propagation velocity 
PWVC determined in the same measuring operation and 
stored in association With the ID number in the same device 
82. FIG. 6 shoWs an eXample in Which the current measur 
ing operation for the patient having the ID number input at 
Step S1 is the third measuring operation. FIG. 6 shoWs, in 
addition to the different symbol (“black circle”) correspond 
ing to the current or third measuring operation, a symbol 
(“black triangle”) corresponding to the last or second mea 
suring operation, and a different symbol (“black square”) 
corresponding to the second last or ?rst measuring opera 
tion. Each pair of successive symbols corresponding to each 
pair of successive measuring operations are connected to 
each other by an arroW to indicate the tendency of change of 
the corresponding tWo ankle/arm BP indeX values AAI and 
the corresponding tWo pulse-Wave propagation velocity val 
ues PWVC. 

[0061] As is apparent from the foregoing description, in 
the present embodiment, the ankle/arm BP indeX determin 
ing means 96 (S9) determines the ankle/arm BP indeX AAI 
by dividing the ?rst systolic BP value BPLSYS determined 
by the ?rst BP determined means 86 (S6), by the second 
systolic BP value BP2SYS determined by the second BP 
determined means 88 (S6), and the PWV-information cor 
recting means 92 provides the corrected pulse-Wave propa 
gation velocity PWVC relating to the pulse-Wave propaga 
tion velocity PWV at Which the pulse Wave propagates from 
the heart to the neck. The simultaneously displaying means 
98 (S11) simultaneously displays, in the tWo-dimensional 
graph 106 of the display device 70, the ankle/arm BP indeX 
AAI and the corrected pulse-Wave propagation velocity 
PWVC. Thus, an observer can judge that, in the case Where 
the ankle/arm BP indeX AAI is normal but the corrected 
pulse-Wave propagation velocity PVVC is abnormal, the 
ankle/arm BP indeX AAI is normal because the patient 
suffers arteriosclerosis all over his or her Whole body. 
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[0062] In addition, in the present embodiment, the time 
Wise-change displaying means 100 (S12) simultaneously 
displays, in the tWo-dimensional graph 106 of the display 
device 70, not only the ankle/arm BP indeX AAI and the 
corrected pulse-Wave propagation velocity PWVC that are 
currently determined for the patient having the ID number 
input at Step S1, but also the ankle/arm BP indeX AAI and 
the corrected pulse- Wave propagation velocity PWVC that 
had been determined for the same patient and have been 
stored in the memory device 82. Thus, the observer can 
easily read the respective degrees of advancement of the 
inferior-limb arteriostenosis and the general arteriosclerosis. 

[0063] Moreover, in the present embodiment, the simul 
taneously displaying means 98 (S11) displays, in the tWo 
dimensional graph 106 de?ned by the ?rst aXis 102 repre 
senting ankle/arm BP indeX AAI and the second aXis 104 
representing corrected pulse-Wave propagation velocity 
PWVC, a symbol at a position de?ned by the ankle/arm BP 
indeX value AAI determined by the ankle/arm BP indeX 
determining means 92 (S9) and the corrected pulse-Wave 
propagation velocity PWVC determined by the PWV-infor 
mation correcting means 92 (S8). Therefore, the observer 
can evaluate, in one glance, both the ankle/arm BP indeX 
AAI and the corrected pulse-Wave propagation velocity 
PWVC. 

[0064] In addition, in the present embodiment, the time 
Wise-change displaying means 100 (S12) displays, in the 
tWo-dimensional graph 106 de?ned by the ?rst aXis 102 
representing ankle/arm BP indeX AAI and the second aXis 
104 representing corrected pulse-Wave propagation velocity 
PWVC, a symbol at a position de?ned by the ankle/arm BP 
indeX AAI and the corrected pulse-Wave propagation veloc 
ity PWVC that are currently determined for the patient 
having the ID number input at Step S1, and a symbol at a 
position de?ned by the ankle/arm BP indeX AAI and the 
corrected pulse-Wave propagation velocity PWVC that had 
been determined for the same patient and have been stored 
in the memory device 82. Thus, the observer can evaluate, 
in one glance, the respective degrees of advancement of the 
inferior-limb arteriostenosis and the general arteriosclerosis. 

[0065] While the present invention has been described in 
its preferred embodiment, it may be otherWise embodied. 
For eXample, the tWo-dimensional graph employed at Steps 
S11 and S12 of the How chart of FIG. 5 is de?ned by the 
second aXis 104 representing corrected pulse-Wave propa 
gation velocity PWVC. HoWever, the second aXis 104 may 
be one Which represents the pulse-Wave propagation veloc 
ity PWV, the pulse-Wave propagation time DT, or a cor 
rected pulse-Wave propagation time DTC Which is obtained 
by correcting the pulse-Wave propagation time DT in the 
same manner as that in Which the corrected pulse-Wave 
propagation velocity PWVC is obtained by correcting the 
pulse-Wave propagation velocity PWV. 

[0066] In the illustrated embodiment, each of the right-leg 
?rst BP measuring device 14, the left-leg ?rst BP measuring 
device 16, and the second BP measuring device 22 measures 
a BP value according to the oscillometric method. HoWever, 
each of the three BP measuring devices 14, 16, 22 may be 
one Which measures a BP value according to a Well-knoWn 
Korotkoff-sound method in Which a BP value is measured 
based on a cuff-pressure value read at a time When Korotkoff 
sounds are ?rst or last detected. OtherWise, each device 14, 
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16, 22 may be one Which measures a BP value according to 
a supersonic Doppler method in Which, While a pressure 
Which presses an artery is changed, a supersound emitter and 
a supersound receiver Which are provided right above the 
artery cooperate With each other to detect the opening and 
closing of the artery. 

[0067] At Step S11 of the How chart of FIG. 5, corre 
sponding to the simultaneously displaying means 98, a 
symbol is indicated at a position de?ned by the smaller one 
selected from the right and left ankle/arm BP indeX values 
AAIR, AAIL determined at Step S9, and the corrected 
pulse-Wave propagation velocity PWVC determined at Step 
S8. HoWever, tWo symbols may be indicated at a ?rst 
position de?ned by the right ankle/arm BP indeX value 
AAIR and the corrected velocity PWVC, and at a second 
position de?ned by the left ankle/arm BP indeX value AAIL 
and the corrected velocity PWVC, respectively. Similarly, at 
Step S12 corresponding to the timeWise-change displaying 
means 100, tWo symbols may be indicated at a ?rst position 
de?ned by the right ankle/arm BP indeX value AAIR and the 
corrected velocity PWVC that had been determined in the 
past measuring operation, and at a second position de?ned 
by the left ankle/arm BP indeX value AAIL and the corrected 
velocity PWVC that had been determined in the same 
measuring operation. 

[0068] In the tWo-dimensional graph 106 employed in 
Steps S11 and S12 of the How chart of FIG. 5, the black 
circle, black-triangle, and black-square symbols are used. 
HoWever, other symbols having different shapes may be 
used. In addition, three symbols may have different colors so 
that they can be distinguished from one another. Moreover, 
three identical symbols may be given suf?Xed sequential 
numbers so that they can be distinguished from one another. 

[0069] Although in the illustrated embodiment the right 
leg ?rst BP value BP1R and the left-leg ?rst BP value BP1L 
are measured from the right and left ankles 12, 16 of the 
patient, respectively, it is possible to measure only one of the 
tWo ?rst BP values BP1R, BP1L. 

[0070] In the illustrated embodiment, the microphone 72 
adapted to be Worn on the chest of the living person is used 
as the ?rst pulse-Wave sensor or detecting device to obtain 
PWV information at Step S5 corresponding to the PWV 
information obtaining means 90. HoWever, the ?rst pulse 
Wave sensor or detecting device may be provided by an 
electrocardiograph (ECG) Which includes a plurality of 
electrodes adapted to be adhered to predetermined positions 
on a living person and continuously detects a pulse Wave 
(i.e., electrocardiogram (ECG) Waveform) representing the 
active potential of the cardiac muscle via the electrodes. In 
addition, the cuff 52 adapted to be Wound around the upper 
arm 20 and the pressure sensor 56 connected to the cuff 52 
may be utiliZed as the ?rst pulse-Wave sensor, and either the 
cuff 24 adapted to be Wound around the right ankle 12 and 
the pressure sensor 28 connected to the cuff 24 or the cuff 40 
adapted to be Wound around the left ankle 16 and the 
pressure sensor 44 connected to the cuff 40 may be utiliZed 
as the second pulse-Wave sensor. In the last case, the air 
pressure of each cuff 52, 24 (or 40) is held, before or after 
each BP measuring operation, at a pre-set value suf?ciently 
loWer than a diastolic BP value BPDIA of a living person, 
and PWV information is obtained based on the pulse Wave 
Which is detected by the each cuff being in this state. 
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[0071] FIG. 7 is a diagrammatic vieW of important func 
tions of another ankle/arm BP index measuring apparatus as 
another embodiment of the present invention. The present 
apparatus has the same hardWare construction as that of the 
prior apparatus shoWn in FIG. 1, and has a softWare con 
struction basically similar to that of the prior apparatus 
shoWn in FIG. 3. The same reference numerals as used in the 
embodiment shoWn in FIGS. 1 and 3 are used to designate 
the corresponding elements and parts of the present embodi 
ment, and the detailed description thereof is omitted. HoW 
ever, the present apparatus employs a ?rst cuff-pulse-Wave 
detecting device 110 including an in?atable cuff 52 Which is 
adapted to be Wound around an upper arm 20 of a living 
subject; a pressure sensor 56 Which is connected to the cuff 
52 and detects a pressure in the cuff 52; and a pulse-Wave 
?lter circuit 62 Which extracts, from the pressure detected by 
the pressure sensor 56, a cuff pulse Wave as a pressure 
oscillation occurring to the cuff 52 in synchronism With a 
heartbeat (i.e., a pulsation) of the subject. In addition, the 
present apparatus employs a second cuff-pulse-Wave detect 
ing device 112 including an in?atable cuff 24 Which is 
adapted to be Wound around a right ankle 12 of the subject; 
a pressure sensor 28 Which is connected to the cuff 24 and 
detects a pressure in the cuff 24; a pulse-Wave ?lter circuit 
36 Which extracts, from the pressure detected by the pressure 
sensor 28, a cuff pulse Wave occurring to the cuff 24 in 
synchronism With the heartbeat of the subject; an in?atable 
cuff 40 Which is adapted to be Wound around a left ankle 16 
of the subject; a pressure sensor 44 Which is connected to the 
cuff 40 and detects a pressure in the cuff 40; a pulse-Wave 
?lter circuit 50 Which extracts, from the pressure detected by 
the pressure sensor 44, a cuff pulse Wave occurring to the 
cuff 40 in synchronism With the heartbeat of the subject. The 
present apparatus is controlled by a control device 38 
according to the control program represented by the How 
chart of FIG. 5. HoWever, at Step S5 corresponding to a 
PWV information obtaining means 90, the control device 38 
iteratively calculates, based on a time difference DT (sec) 
betWeen a periodic reference point on the pulse Wave 
detected from the upper arm 20 by the ?rst cuff-pulse-Wave 
detecting device 110 and a corresponding periodic reference 
point on the pulse Wave detected from the right or left ankle 
12, 16 by the second cuff-pulse-Wave detecting device 112, 
a velocity PWV (m/sec) of propagation of the pulse Wave, 
according to the folloWing expression pre-stored in a ROM 
66: 

[0072] Where L1 is a distance from the left 
ventricle of the heart via an artery to the position 
Where the cuff 52 is Worn, and L2 is a distance 
from the left ventricle of the heart via an artery to the 
position Where the cuff 24, 40 is Worn. 

[0073] Each of the distances L1, L2 may be replaced With 
a constant value Which is experimentally obtained in 
advance. The periodic reference point on each of the respec 
tive pulse Waves detected by the ?rst and second cuff-pulse 
Wave detecting devices 110, 112 may be a rising point, a 
maximal-slope point, or an upper-peak point on each of 
successive heartbeat-synchronous pulses of the each pulse 
Wave. In the present embodiment, a cuff-pressure regulating 
means 84 includes a cuff-pressure holding means 114 Which 
holds, before or after each BP measuring operation, the air 
pressure in each of the cuffs 52, 24, 40, at a pre-set value 
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suf?ciently loWer than a diastolic BP value BPDIA of the 
subject, so that PWV information is obtained based on the 
pulse Waves detected by the ?rst and second detecting 
devices 110, 112 through the cuffs 52, 24, 40 being held in 
this state. Since the pulse Waves detected through the cuffs 
52, 24, 40 being held in this state are highly clear, i.e., free 
of deformation, an accurate time difference DT can be 
determined from those pulse Waves. Thus, PWV-relating 
information obtained by a PWV-relating-information 
obtaining means 89 (e.g., a PWV value determined by a 
PVWV-information obtaining means 90) enjoys a high accu 
racy. 

[0074] In each of the illustrated embodiments, the input 
device 80 is operated to input the ID number of the patient, 
and the identifying means 94 identi?es the patient based on 
the ID number input through the input device 80. HoWever, 
the ankle/arm BP index measuring apparatus may employ a 
card reading device Which reads an ID card Which bears an 
ID code identifying a patient from other patients, and 
identifying means for identifying the patient based on the ID 
code read by the card reading device. OtherWise, the appa 
ratus may employ identifying means for identifying each 
one patient from other patients, based on information proper 
to that patient, such as his or her ?ngerprint or voiceprint. 

[0075] The ankle/arm BP index measuring apparatus 
shoWn in FIG. 1 or FIG. 7 is a sort of inferior-and-superior 
limb BP index measuring apparatus Wherein an ankle is 
selected as an inferior limb and an upper arm is selected as 

a superior limb. HoWever, a femoral portion or a toe may be 
selected as an inferior limb, and a Wrist or a ?nger may be 
selected as a superior limb. 

[0076] It is to be understood that the present invention 
may be embodied With other changes, improvements, and 
modi?cations that may occur to a person skilled in the art 
Without departing from the scope and spirit of the invention 
de?ned in the appended claims. 

What is claimed is: 
1. An apparatus for obtaining information relating to a 

velocity at Which a pulse Wave propagates in a living 
subject, the apparatus comprising: 

a ?rst in?atable cuff and a second in?atable cuff Which are 
adapted to be Worn on tWo different portions of the 
subject, respectively; 

at least one cuff-pulse-Wave detecting device Which 
detects the pulse Wave occurring to each of the ?rst and 
second cuffs Worn on the tWo different portions of the 
subject; and 

a velocity-relating-information obtaining device Which 
obtains the information relating to the velocity, based 
on a time difference betWeen a ?rst time When the 
cuff-pulse-Wave detecting device detects the pulse 
Wave occurring to the ?rst cuff, and a second time When 
the cuff-pulse-Wave detecting device detects the pulse 
Wave occurring to the second cuff. 

2. An apparatus according to claim 1, further comprising 
a cuff-pressure holding device Which holds a pressure in said 
each of the ?rst and second cuffs, at a pre-set value loWer 
than a diastolic blood pressure of the living subject, Wherein 
the cuff-pulse-Wave detecting device detects the pulse Wave 
occurring to said each of the ?rst and second cuffs Worn on 
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the tWo different portions of the subject, in a state in Which 
the pressure in said each of the ?rst and second cuffs is held 
at the pre-set value. 

3. An apparatus according to claim 1, Wherein the veloc 
ity-relating-information obtaining device comprises: 

a velocity determining means for determining, according 
to a predetermined relationship, the velocity based on 
the time difference; and 

a velocity correcting means for correcting the determined 
velocity, so that the corrected velocity corresponds to a 
reference blood pressure value. 

4. An apparatus according to claim 1, Wherein the ?rst cuff 
is adapted to be Worn on a superior limb of the living subject 
as one of the tWo different portions of the subject, and the 
second cuff is adapted to be Worn on an inferior limb of the 
subject as the other of the tWo different portions. 

5. An apparatus for measuring a blood-pressure indeX of 
a living subject, comprising: 

a velocity-relating-information obtaining 
according to claim 4; 

apparatus 

a ?rst blood-pressure measuring device Which measures a 
?rst blood pressure of the superior limb of the subject 
based on the pulse Wave occurring to the ?rst cuff; 

a second blood-pressure measuring device Which mea 
sures a second blood pressure of the inferior limb of the 
subject based on the pulse Wave occurring to the second 
cuff; and 

a blood-pressure-indeX determining means for determin 
ing the blood-pressure indeX, based on the ?rst blood 
pressure measured by the ?rst blood-pressure measur 
ing device and the second blood pressure measured by 
the second blood-pressure measuring device. 
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6. An apparatus according to claim 5, further comprising 
a display device Which simultaneously displays the blood 
pressure indeX determined by the blood-pressure-indeX 
determining means and the velocity-relating information 
obtained by the velocity-relating-information obtaining 
means, so that the blood-pressure indeX and the velocity 
relating information are comparable With each other by an 
observer. 

7. An apparatus according to claim 6, Wherein the display 
device comprises simultaneously displaying means for dis 
playing, in a tWo-dimensional orthogonal coordinate system 
Which is de?ned by a ?rst aXis representing blood-pressure 
indeX and a second aXis representing velocity-relating infor 
mation, a symbol at a set of coordinates corresponding to the 
blood-pressure indeX determined by the blood-pressure 
indeX determining means and the velocity-relating informa 
tion obtained by the velocity-relating-information obtaining 
means. 

8. An apparatus according to claim 7, Wherein the tWo 
dimensional orthogonal coordinate system includes an 
abnormal area representing at least one of an abnormal 
blood-pressure indeX and an abnormal velocity-relating 
information. 

9. An apparatus according to claim 7, Wherein the ?rst cuff 
is adapted to be Worn on an upper arm of the subject and the 
?rst blood-pressure measuring device measures a blood 
pressure of the upper arm, Wherein the second cuff is adapted 
to be Worn on an ankle portion of the subject and the second 
blood-pressure measuring device measures a blood pressure 
of the ankle portion, and Wherein the blood-pressure-indeX 
determining means determines the blood-pressure indeX 
based on the measured blood pressure of the upper arm and 
the measured blood pressure of the ankle portion. 

* * * * * 


